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(54)Title: RECIOSELECTIVE NUCLEAR CHLORINATION CATALYST FOR AROMATIC HYDROCARBONS AND 
PROCESS FOR NUCLEAR CHLORINATION 
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(57) Abstract 

Novel phenyl lOH-phenothiazine-lOKarboxylates of general formula (1), combinations of which with Lewis acids are useful as 
regioselective nuclear chlorination catalysts for aromatic hydrocarbons. The catalysts arc advantageous in thai the regioselectivity is noi 
lowered even when the nuclear chlorination is conducted at a reaction temperature exceeding 45 °C and that the regioselectivity is enhanced 
with an increasing degree of chlorination. In general formula (I), x is halogeno, C, -C 4 alkyl, C, -C« alkoxy, nitro or cyano and n is an 
integer of 0 to 5, with the proviso that when n is 2 or above, X's may be the same or different from each other; s is an integer of 0 to 5 t is an 
integer of 0 to 4; and u is an integer of 0 to 4, with the proviso that the sum total of n and s is 5 or below. 
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( i ) m&w 

10H-7x;f7-^>5. OOg (25. 1 ^^nn^ 
>tf>5 OmUzi&mitZo Z<omm\z9 naja&4-y f^7x-;b 
iXx^ (ClCOOC fi H 4 CH 3 ) 5. 62g (30. 15 U 

*»K 10H-7x;f7^>-10-*;b*'>K (4-yf;b7x^ 

v-*-j*T?^fiL^JR^Ji> 7 9. 3%T-*>o*; 0 

6. 2 g£gfc 0 
(2) 

fctfe&llx m. p. : 1 6 6 - 1 6 7*0 
1 HNMR(CDC1 3 . 5ppm) :2. 27 

(s, 3H, -CH 3 ) , 7. 0-7. 66 (m. 1 2 H) 
1 R (KB r, cm" 1 ) : 1 7 2 4 (C = 0) , 1512. 1484, 

1 4 6 8, 1 3 3 4, 1 2 6 2. 1 2 2 2, 1 2 1 0, 

119 2, 1014. 760 
MS (m/e. JfcBK) :333 (78. M + ). 198 (100) 

wmm 1 0 

- 1 7 - 
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( 1 ) nmm 

10H-7i;f7i?>5. 00g(2 5. 1 ; U t Jl>~) & 9 a a K 
>-t?>5 OmLlcfcJBLfco :0»^doJ|K4-^ h + ->7x- 
^HXf;b (C1C00C { H, OCHj) 4. 91g (26. 35 'J 

5^T'* t)> 1 0H-7i;fri?>-l 0 -1iJU#>Wt (4 - ^ 
v-*7-fcT-j£SLfcJRs?M*> 7 8. 0%T*ofc o 

5. 8 g£*#fc 0 

(2) tttt 

■ Sfcfcfettiix m. p. : 1 2 9 - 1 3 0t 
IR (KB r, cm"') : 1 7 3 4 (C = 0) , 1510. 1486, 
1 4 6 8. 1 3 3 8. 1 2 1 8. 1 1 9 6. 1 0 3 4, 
10 14. 764 

MS (m/e, ifcSK) :349 (85. M + ). 198 (100) 

w&m 1 1 

(2-?oD-iOH-7iyf7v?>-l 0 -ii>l#>Wty 

( i ) mmm 

2-;DD-10H-7x;f7y>5. 84g (25. 15'J*;U) 
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x^f* (CICOOCjHj) 4. 1 1 g (2 3. 1 5 V * Jl<) 

-T-i§8*lfc*£mx *SJS2-^dd-1 0H-7xyf7^>«14. 

3%T<fc*K 2-?nD-10H-7i;f7-^-10-*;^'>fi 

7 x-;bxxf JHi 8 5 . 7%T&r>tz 0 
v-*7-j£-e£SL*:iKS|Sl*> 8 4. l%T*ofc 0 
R #8) U «EET. ^ DnOHf >iS±Lfc 0 ffi*SH 

(2) tttt 

*Rfe*Sil. m. p. : 1 2 7 - 1 2 8T 
*H N MR (CDC 1 3 . 6 p pm) : 

7. 10-7. 70 (m, 1 2 H) 
MS (m/ e , JtSS) : 3 5 3 (5 2, M 4 ) , 232 (100). 

1 9 6 (4 2) 

mmm 1 2 

(1 0H-7x;f7^>- 10-*Jl'*'i'S7x-;l/XXf;KZ)tlg 

(A) 10H-7x;f7y>-l 0-*^*'>»7x-^X7fJK5 

££T> igftlrtiEJSSS*©? DD'<>-t/>2 4 6 g (2. 19*^) 
ic. «j$Tt'x ftTMSftlB^S* 0 . 47 g (2. 9SU*;tO *5«fccf 1 
0H-7x;f7-^-l 0 -ij)ltf>Wt7 * — ;l/iX7 i ;U4. 7 g 

(14. 7 $ y zmz.Ko o^r*. 5 o < c»c±if x 

S*lcttXftX0. 4 8 (*>*>**©**fc*M:l. 4 8) fzi£k 
mtL> 1 0H-7xyf7^^-l 0-»WC>»7x-^x^f/l' 
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<Q^mmtm^^ti^m^m2 8 1 g*'&tz 0 c©^©^© ioh 
znz><D&mn{t®iftVT<Dtfx9 o v i«^7^ «j;c/#ft 

: S^»f^BFr («0 «^^D7hr77GC-l 4B 
: ^7X*7A^g5mmx ^|3mm > g£ 2m 
£83lJ : x-iM'fx^ (#) «! 

Silicone 0V-17 5% 

Chromosorb WAW DMCS 30-50^ 

->a 

*7AiSS : 2 8 Ot 

-T >5*x * 2/ ■ >M : 3 0 0t 

♦ t'J7-*X:MJ'>A, 120kPa (at 2 8 01C) 
fctiiSS : F I D (F I D&fK *t55kPa, ^50kPa) 

&#b#isi (#) [s + t + U mm&mmv>®m ] = 

11. 6 [3]> 15. 7 [4], 17. 7 [4] 

2 0. 6 [5] , 2 3. 4 [5] > 2 7. 2 [5] 

3 0. 1 [5] > 34. 8 [6] > 4 0. 4 [6] 

(B) 10H-7i;f7^>-l 0-*^t^»7x-Ax^f^© 
&*S&{fc&©#HI 
«ET. 9 OTTN ±IE (A) ©*g£#l3 0 g^t>. * QuO-tf > 

fc»U fi&fQ6&7KT2[5)ft#&. 5rttL^ 0 W«H£&7kWt&*- h 'J 
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(h p l o 0&ww$*s£&mit¥tt&nzKiTK&m,-fZo 

(HP L COftft) 

§S© : B48M («0 KiHSttft^nv h^77L- 6 2 0 0 
*5A : Shodex ODSpak F-411A 

4. 6^x15 0mm 
Eluent :CH 3 CN/Hj 0 (70/30) 
Flow raterl. OmL/m i n 
Dectector :UV-268nm 
S« : 3 0^ 

«^NfF b 1 (£) [s + t +u (ttH«E*©«») ] : 

11. 8 [3] . 17. 5 [4] . 18. 9 [4] 
2 6. 1 [5] . 2 8. 9 [5] ,40.8 [6] 
®&f#B#P.gi 1. 8# : 

2. 8->* ?DD-10H-7x;f7i?>-10-*^+:>S 

fcfe*SH. m. p. : 213-214t 
*H NMR (CDC 1 j , 5 p pm) : 

7. 3 7 3 (d, 8. 54). 7. 154 (d, 8. 54). 
7. 6 4 5 (d. 2. 4 4). 7. 2 3 8 (dd. 2. 44. 
7. 9 4) . 7. 3 3 4 (d. 7. 9 4) 
M S (m/ e Jt&SD : 4 2 3 (18. M + ). 266 (100). 
2 3 1 (8) . 1 9 6 (1 4) 
1 7. 5» : 
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2, 3. 8-h l J?ao-10H-7*;f.7i>>-10-**'lf> 

fttfe&B* m. p. : 2 1 8-2 1 9^ 
! H NMR (CDC 1 j , 6 ppm) : 

7. 3 6 9 (d. 8. 5 4). 7. 1 4 0 (d. 8. 54). 

7. 6 2 8 (d. 2. 4 4). 7. 2 4 5 (dd, 1. 22. 

8 . 5 5). 7 . 328 (d. 8. 55). 7. 491 (s). 
7. 7 3 3 (s) 

MS (m/ e &$££) : 4 5 7 (18. M + ) . 301 (100). 
2 6 5 (9) , 2 3 0 (2 1), 1 9 5 (6) 
®##B#R81 8. 9# : 

2. 4, 8 - h 'J * on- 1 0 H-7xy f-T$*>- 1 0 -ij)l>#> 

Illfe^S. m. p. : 1 7 9~1 8 0TC 
*H NMR (C D C 1 3 . S ppm): 

7. 3 6 0 (d. 8. 5 4). 7. 1 3 2 (d. 8. 54). 

7. 544 (d. 1. 83). 7. 260 (dd. 1. 83, 

8. 5 4), 7. 3 7 7 (d, 8. 5 4). 

7. 3 7 2 (d. 1. 8 3). 7. 6 3 0 (d. 1. 83) 
MS (ra/elkM) : 4 5 7 (26, M + ). 301 (1 00). 
2 6 5 (1 0). 2 3 0 (2 0). 1 9 5 (4) 
(3)#8B#ng 2 6. 1 ft : 

fh7?DD-ioH-7iyf7-;>-io-*;Pt;>si(4-^ 

dd7x — ;u) XXfA [&£$J] 
fcfetSflK m. p. : 1 9 8-2 0 Ot 

MS (m/eJt&ffi) : 4 9 1 (2 6, M + ), 336 (100). 
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300 (8). 265 (20). 230 (3), 194 (5) 
<5>fiWtKI2 8. 9# : 

2, 4 . 7 , 8-fl«7?Dn-10H-7x;f7y>-10-* 

At^l (4-?DD7z-^) X7fi 

fcffelSII. m. p. : 2 3 8-2 4 0t 
J H NMR (CDC I 3 , 6 p pm) : 

7. 3 6 3 (d. 8. 5 5). 7. 1 2 5 (d. 8. 55). 

7. 5 3 4 (d. 1. 8 4). 7. 3 8 3 (d. 1. 84). 

7. 5 4 3 (s) . 7. 7 2 6 (s) 
MS (m/eJ£8K) : 4 9 1 (24. M + ) , 336 (100), 

301 (8). 264 (20). 230 (2), 194 (3) 
®«*m«4 0. 8# : 

2. 3, 4. 7. 8-^>^?nD-10H-7x;f7-;>-10 

! H NMR (CDC 1 3 , 5 p pm) : 

7. 368 (d. 9. 16). 7. 122 (d. 9. 16). 
7. 667 (s). 7. 548 (s). 7. 726 (s) 
MS (m/elt&SD : 5 2 5 (24. M + ), 370 (100). 
3 3 5 (1 0). .2 9 8 (2 1), 2 6 4 (2), 
2 3 0 (3) , 1 5 6 (4) . 1 1 1 (9 6) 

w&m 1 3 

(10H-7i/f7i?>-l 0-*;H>»7xxU7fiKOSi 
*ffc<ft) 

(A) 10H-7i;f7^>-l 0 -ii )l*>m-7 3.-)l3-7,7-)V<D 
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flRTK&ftSg— m. 180mg (1. ilOH-7x;f 

t>©£{£ffl) 531mg (1. 67;'J lw^>4f>450g (5. 

7 6€^) fcJjQ^fco *SK£6 0t:ic«|^L^*<b^^3. 0 m o 1 
/hoUJ&T^AU 3. 5NrP.3R££fTo*: 0 ol^f, «ffiT. 9 0 

/77^T»iU 7-fe h U ;l^£?f*S§I.LT, £lTK*lM£i£ 
1 0H-7*;f7v?>-l 0-*/l't:>»7 I ^;U7fWgi| 

(B) Ctl^©^*^©-^Co^T, i^&ifctt? 0-7 h/77^ 

(HPLC0^) 

: HftSW^ (80 83Ha!li![*J'Dvhr77L- 6 2 0 0 
ij^ls : Shodex ODSpak F-411A 4. 6#x 
15 0mm 

Eluent :CH 3 CN/Hj 0 (7 0/3 0) 
Flow raterl. 0 mL/m i n 
Dectector :UV-268nm 
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#8M*H (£) [s + t +u ] : 

1 7. 0 [4] . 2 4. 9 [5] . 2 7. 4 [5] 
®&ft#rtSll 7. 0# : 

1 . 2. 8-hU^no-10H-7*y^7^>-10-*^*'> 

fcfe&SK m. p. : 1 4 8-1 4 9t 

MS (m/elt&K) :457 (20. M + ) , 302 (100). 
2 6 5 (9) . 2 3 0 (2 2) . 1 9 4 (6) 

7 x j *t i? >m® i &.*%t;mm(Di&&tiLm<D&miu 'h-nm 

RfcJ;tf 13 C -NMRTflofco 
<f>R8M$lffl2 4. 9# : 

1. 2. 7. 8-rh5?DD-10H-7xyf7^>-10-* 

fcffe*SH. m. p. : 1 9 7-1 9 8t 

M S (m/ e Jfc&&) : 491 (12. M + ) , 336 (100). 
301 (9). 264 (20). 229 (2). 194 (4) 

7w *Ty >m® i tiL*£tsmn<Di&&tiLm<Dmmiu 'h-nm 

RfcJ:tf 13 C -NMRTftofco 
<3>ft*M*M 2 7. 4# : 

7t>7?nD-l 0H-7xyf7^>-l 0 - 77 ( 4 - * 

□ o7i~;U) xxf^ (&£<&) 

m. p. : 1 5 4-1 5 6t 
MS (m/eit&K) :491 (12. M + ) . 336 (100). 
301 (6). 264 (20). 228 (2). 194 (4) 
W&W 1 4 

( h/Px>©1£tgS<LKie) 
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(a) mmomn 

m*m<tn-&i6 0ragil0H-7i;f7i?>-10-*^t^ 
»7i;iUXf;l' (^^SSliSWl T5!iigL*:*>©£<£ffl) 1 7 7mg 
I^O-tf^l 5 0 g^SD^^o SS£6 oricamLtt^Jg^fcl. 
Omo 1 /h©8i]&T*i*AU 3. 5 B#RaRJS£ff o fc 0 «ff 
Tn 9 0*CT'. £SMfcR£»fr£<>* >£<>tf>fc£#ft^©S# 
£S£LA:„ d ©2K®&£feM«£ LT. TBS (B) Jc^iJ-lwUx >©& 
^^bRt&^fTofco SMI 30 (B) K^LfcO) 

~(Do i 0H-7x;f7^>-i 0-*;i/:K>ffi7x-;bxxf;KO 
(B) &J&SftR£ 

±12 (A) -cmMLtzmmz^ h*x>184. 3g (2. 0 0**) 
41B5U 3 0'CKHtJ*Ltt*<&x Omo 1 / h ©gfiJ&-T?**A L 

fco 2^M©Rie»T«rlCN ^?D7h/77^-T»lliU &©S 
SM (%) ©RlB8^«*»fco 

h;Ui> (2. 7 7) , *AV?anh^x> (4 4. 10) > 
a'7?od^x> (5 2. 5 9) x '^oahJl,x> (0. 5 4) 
±E©fflJfc**&*tiiLfc <P + (o + p) xl 00) ©Ml*, 5 4. 
4 %T*>o 
1 5 

( x * A, < > M y © temmitRfo) 

±Kjmm 4 (A) tmmKixmmtfzmmiz^ m-jio-vy 

10 6. 2g(l. 0 0*^) SOtlci^L/i^bM^O. 
5mo 1 /h©HJ£-e#ALfco 2 B#IS©R£&TISK. ff 7\ 9 o "7 h 
/77-( --C5>«tL> ^©mS«fiR5c (%) ©RiC8^#)^?#fco 
x.?- fr^sM y (6. 0 5), **v?o a jcf-^^O-tf > 
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(3 5. 6 0) . 9 DPXf;K>^> (5 8. 3 5) 
±g2©*&j£a^#ttJL*: {p- (o + p) xl 00} ©ffili. 6 2. 

1 

mmm 1 6 

06s (u^) ztaiL. s«£5 ovizmnite&z&nzo. 7 5 

mo l/h©|&-eiALt 2B#Ra©Kfc&TB#K: > 

WLfciC^, &©fiS*a»£ (90 -z&zzttmmztitzo 

(0. 03) > 2-^nA'7 + ->l/> (5 8. 3 4). 
2. 5-^?dda'5 + ->U> (3 5. 9 5). 2, 3-?*oo/* 
5 + i/l/>(5. 56) > h'J^DDA , 5 + '>t'> (0. 12) 
±f2©ifflJi)c^£mtiJL*: { (2. 5-^^Doggltt:) -s- ( (2, 3 

-^oogg&#) + (2. 5-^?doB&#) ) x 1 0 0} ©filtix 

86. 6%X'i>r>tz 0 

#%S8i§0ll 

(1 0H-7i/f7-^>-l 0-ij)ltf>Wl ^i-^xxf^OSi 
it) 

( i ) wttm 

10H-7x;f7^>5. OOg (25. 1 S >J *AO o n^C 

(ClCOOC 5 H 5 ) 4. 125g(26. 35 V**) ££&T-flD 
««tT> 1 lUPM^tfco R^^x^nv -T'il 
^LfcKSmx 0 H-7* J *Ti>y\t2. 02%T**K 10 

H- 7x;f7^>-10-*^t'>t7xx;l/xxf;Hi9 7. 9 8 
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•?-ij-mT*fe&ltzW.mU 9 7. A4%X'hitz 0 

%7. 2 1 g£i#fco 
(2) «tt 

ftfefeHu m. p. 1 6 5 - 1 6 6t 
*H NMR (CDC 1 3 , 5 p p m) : 

7. 0-7. 5 6 (m. 1 3 H) 
I R (KB r. c m" 1 ) : 3 1 2 0, 3080. 1730 (C=0), 

1 5 9 2, 1 5 0 2. 1 4 8 4. 1 4 8 4. 1 4 6 8. 

1 4 4 8. 1 3 3 4. 1 3 1 2. 1 2 1 8. 7 6 4. 7 5 0. 

6 8 8 

MS (m/e. it&aO : 319 (69. M + ). 198 (100). 
1 5 5 (2 0) 

(1 O-'OvM*- 1 0 H--7 x J 1-T if XDMfe) 

( i ) mmm 

£ST> RJSSglC 1 0H-7x;f7-;>5. 08g (25. 5 ; 'J 
. ^7K^iev-^l 0. 03g (94. 6;'J e;l/) . 
>5 0 g£tt&*. K£ffc£3 Ot^Jtazatfco d'J Kl 

0. 74g (76. 4 5 V^Jl/) . 5 0 gfrt»tt5fi£J8»- 

£3 0°CT'. lO^miTLfc, ftl^, BO^fclMaU 3. 5 

StS&^M&lcftiPSU I!IK30mL, 7k5 0 OmL^bttS ffc%L 
WCPiz&^Ko ^etlJcO-tf > 2 0 0 m L^jfjnx.. tttHU <>-tf>Jl 
fcTKifc ( 8 0 m L x 3 W . lOOmL Tifcfr&> $ £ ic*ift L 
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fco 

(2) 

&fe$M*&. m. p. : 1 7 3- 1 7 4'C 

I R (K B r. cm" 1 ) -.3092. 3072. 1674 (C = 0). 

1 4 8 0, 1 4 6 4. 1 4 4 8, 1 3 2 6, 1 2 6 2. 7 6 6, 

75 2, 73 2. 70 6. 690 
MS (m/e. JtSS) : 3 0 3 (42. M + ). 198 (82), 

1 0 5 (1 0 0) 
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m^mm 



1) (1) 0H-7x;f7-^>-10-*^> 



stix 0~5©fi&£*U t«\ 0-4©8»^^Lx u li> 0~4 
©Slfc&^U (n + s) 5ErFT<fc*o ) 

2) l 0H-7x;f7^>-l0-*;i"K>il7xi;pxxfji/*<> 

5£ (I) fcfcttS n*<0 £ fct* 1 ©fi»£^U s a<0~2©SE&£* 

*<btt«U 

3) TIE5*; ( I ) T'ifxSnS 10H-7x;f7^>-10-*A#>. 
87i-^iXf;i'So 
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-a 



(Cl)s 



(C I ) t 



-a:x> 



(Cl)u 



©SE&£*U (n + s ) li. 5EiT"C*So fc/c U n = s = t = u 

=0£&<o ) 

4) ttttEitT. (I) 0H-7*/*-7S>>-l 



(5^ xti. A D y>n^ &#&l~4<l©7^*;Ug. &Xft 1 

ntt. 0~5©S»£*U n a< 2 «k *) fcU X tils]— * /^ti 

sti. 0~5©£&£*U Hi. 0~4©&&£*U u li. 0~4 
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Ofi&fc^U (n + s) 5£lTT**So ) 

5) 10H-7*;f7?>-l 0 -*7/Utf x-;l/XX-r;U*<^ 

j&itr a> i - •> a & «t a^mtr y f- * > £ -5 P*> £ SIR $ ft 3 4> 

6) 3rSflSftffc***^ h*x>„ o-* ; s\sy. p-**> 
uy^ ir auKyMy* ?ddHI/x^ 0 - *J 9 n uKy-^y^xxS 
1-^dd-2, 5 - rjlKy-VyfrCyt&zmfr&MIRZ tiZ'J>U 

7) K£ia£fr\ 4 5-7 5tT*5^*«4iBtt©^ : #^4b*^ 
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